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ORGANIC LIGHT-EMITTING DIODE
DISPLAY PANEL

BACKGROUND

1. Field of the Disclosure

[0001] The present disclosure relates to display technol-
ogy, and more particularly, to an organic light-emitting diode
(OLED) display device.

2. Description of the Related Art

[0002] Currently, an active-matrix organic light-emitting
diode (AMOLED) has a characteristic of self-luminescence.
The AMOLED adopts a very thin coating of organic material
and a glass cover. When an electric current flows by, the
organic material emits light. Advantages of an AMOLED
panel are wide viewing angles, high color saturation, low
driving voltage, and low power consumption, coupled with
fast response, light weight, thinness, simple structure, and
low cost, so the AMOLED panel is regarded as one of the
most promising products.

[0003] As for the AMOLED design of the related art, a
unit test circuit adopts a plurality of thin-film transistors
(TFTs) and a plurality of signal lines. The design of the unit
test circuit is sophisticated and occupies more space, further
reducing the screen-to-body ratio of the AMOLED.

SUMMARY

[0004] The present disclosure proposes an organic light-
emitting diode (OLED) display device. Compared with the
OLED display panel of the related art where a plurality of
thin-film transistors (TFTs) and a plurality of signal lines are
adopted, further affecting the screen-to-body ratio, the num-
ber of unit test inputting signal lines in a pixel driving circuit
are reduced in the present disclosure.

[0005] According to an embodiment of the present disclo-
sure, an organic light-emitting diode (OLED) display device
includes a data signal line, a scanning signal line, a pixel
array, an inputting unit circuit, a controlling unit circuit, and
an outputting unit circuit. The pixel array includes a first
pixel column, a second pixel column, a third pixel column,
and a fourth pixel column distributed in a matrix in a first
direction. The first pixel column, the second pixel column,
the third pixel column, and the fourth pixel column are
arranged periodically in the first direction. The inputting unit
circuit includes a first inputting signal line, a second input-
ting signal line, and a third inputting signal line. The
controlling unit circuit includes a first thin-film transistor
(TFT), a second TFT, a third TFT, and a first controlling
signal line. The first controlling signal line is connected to a
first controlling terminal of the first TFT, a second control-
ling terminal of the second TFT, and a third controlling
terminal of the third TFT. The first inputting signal line, the
second inputting signal line, and the third inputting signal
line are connected to a first inputting terminal of the first
TFT, a second inputting terminal of the second TFT, and a
third inputting terminal of the third TFT, respectively. The
outputting unit circuit includes a first outputting signal line,
a second outputting signal line, and a third outputting signal
line. The first outputting signal line, the second outputting
signal line, and the third outputting signal line are connected
to a first outputting terminal of the first TFT, a second
outputting terminal of the second TFT, a third outputting
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terminal of the TFT, respectively. The first outputting signal
line is connected to the first pixel column. The second
outputting signal line is connected to the third pixel column.
The third outputting signal line is connected to the second
pixel column and the fourth pixel column.

[0006] According to an embodiment of the present disclo-
sure, the first pixel column and the third pixel column both
comprises a red subpixel and a blue subpixel; the red
subpixels and the blue subpixels are arranged alternately.
The red subpixel in the first pixel column and the red
subpixel in the third pixel column are arranged staggeredly.
The blue subpixel in the first pixel column and the blue
subpixel in the third pixel column are arranged staggeredly.
The second pixel column and the fourth pixel column
comprise a green subpixel only.

[0007] According to an embodiment of the present disclo-
sure, the first clock signal is input to the first pixel column
through the first outputting signal line when a red image is
shown the OLED display panel. The second clock signal is
input to a third pixel column through the second outputting
signal line when the red image is shown the OLED display
panel.

[0008] According to an embodiment of the present disclo-
sure, a high voltage level of the first clock signal and a high
voltage level of the second clock signal are outputted
alternately.

[0009] According to an embodiment of the present disclo-
sure, a high voltage level of the first clock signal is greater
than a supply voltage imposed on the OLED display panel.
A high voltage level of the second clock signal is greater
than the supply voltage imposed on the OLED display panel.
[0010] According to an embodiment of the present disclo-
sure, the third controlling terminal of the third TFT 1s turned
off when a red image is shown on the OLED display panel.
[0011] According to an embodiment of the present disclo-
sure, a third clock signal is input to the first pixel column
through the first outputting signal line when a blue image is
shown on the OLED display panel. A fourth clock signal is
input to the third pixel column through the second outputting
signal line when the blue image is shown on the OLED
display panel.

[0012] According to an embodiment of the present disclo-
sure, a high voltage level of the third clock signal and a high
voltage level of the fourth clock signal are outputted alter-
nately.

[0013] According to an embodiment of the present disclo-
sure, a high voltage level of the third clock signal is greater
than a supply voltage imposed on the OLED display panel.
Ahigh voltage level of the fourth clock signal is greater than
the supply voltage imposed on the OLED display panel.
[0014] According to an embodiment of the present disclo-
sure, the third controlling terminal of the third TFT is turned
on when a green image is shown on the OLED display panel.
[0015] The present disclosure brings a benefit as described
below: The present disclosure provides an OLED display
panel. A set of six unit testing signal lines are reduced to a
set of four, and thus can be configured to detect an image
formed by a red subpixel, a green subpixel, a blue subpixel
and shown on the OLED display panel, further increasing
the screen-to-body ratio of the OLED display panel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The accompanying drawings are included to pro-
vide a further understanding of the invention, and are
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incorporated in and constitute a part of this specification.
The drawings illustrate embodiments of the invention and,
together with the description, serve to explain the principles
of the invention.

[0017] FIG. 1 illustrates the design of a unit test circuit of
an OLED display panel of the related art.

[0018] FIG. 2a illustrates a schematic diagram of an
OLED display panel according to an embodiment of the
present disclosure.

[0019] FIG. 25 illustrates a circuit diagram of a unit test
circuit applied in the OLED display panel according to an
embodiment of the present disclosure.

[0020] FIG. 2¢ illustrates a schematic diagram of a pixel
array applied in the OLED display panel according to an
embodiment of the present disclosure.

[0021] FIG. 3 illustrates a waveform of a clock signal
applied in the unit test circuit when showing a red image.

[0022] FIG. 4 illustrates a waveform of a clock signal
applied in the unit test circuit when showing a colorful
image.

DETAILED DESCRIPTION OF THE

EMBODIMENTS
[0023] In the disclosure, it is should be understood that
spatially relative terms, such as “center”, “longitudinal”,
“lateral”, “length”, “width”, “above”, “below”, “front”,
“back”, “left”, “right”, “horizontal”, “vertical”, “top”, “bot-
tom”, “inner”, “outer”, “clockwise”, “counterclockwise”,
“axial”, “radial”, “circumferential”, and the like, may be

used herein for ease of description to describe one element
or feature’s relationship to another element(s) or feature(s)
as illustrated in the figures. It will be understood that the
spatially relative terms are intended to encompass different
orientations of the device in use or operation in addition to
the orientation depicted in the figures. The spatially relative
terms are not limited to specific orientations depicted in the
figures.

[0024] An organic light-emitting diode (OLED) display
panel of the related art includes a unit test circuit, and the
unit test circuit includes a plurality of thin-film transistors
(TFTs) and a plurality of signal lines. The design of the unit
test circuit is sophisticated and occupies a lot of space,
further decreasing the screen-to-body ratio of the OLED
display panel. The present disclosure proposes an organic
light-emitting diode (OLED) display device to amend the
defects existing in the related art.

[0025] FIG. 1 illustrates the design of a unit test circuit of
an OLED display panel of the related art. The unit testing
signal line 101 inputs a signal to a green OLED light-
emitting layer on the first row of the light-emitting layer in
a display area. The unit testing signal line 102 inputs a signal
to a blue or red OLED light-emitting layer on the first row
of the light-emitting layer in the display area. The unit
testing signal line 103 inputs a signal to the blue or red
OLED light-emitting layer on the first row of the light-
emitting layer in the display area. The switch controlling
signal line 104 controls the TFT T3 and the TFT T6. The
switch controlling signal line 105 controls the TFT T1 and
the TFT T5. The switch controlling signal line 106 controls
the TFT T2 and the TFT T4. The data signal line 107 outputs
a signal to the blue or red OLED light-emitting layer on the
first row of the light-emitting layer in the display area. A
signal is input to the green OLED light-emitting layer on the
first row of the light-emitting layer in the display area
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through the data signal line 108. A signal is input to the blue
or red OLED light-emitting layer on the first row of the
light-emitting layer in the display area through the data
signal line 109. A signal is input to the green OLED
light-emitting layer on the first row of the light-emitting
layer in the display area through the data signal line 110.

[0026] The working principle of the OLED display panel
of the related art (for example, in a full red image): A low
voltage-level data signal is input through the unit testing
signal line 103. A high voltage-level data signal is input
through the unit testing signal line 101 and the unit testing
signal line 102. A low voltage-level data signal is input
through the switch controlling signal line 105. A high
voltage-level data signal is input through the switch con-
trolling signal line 104 and the switch controlling signal line
106. At this time, the TFT T1 and the TFT T5 are both turned
on, and the TFT T2, the TFT T3, the TFT T4, and the TFT
T6 are all turned off. In the end, the light-emitting layer on
the first row in the pixel area as a red OLED light-emitting
layer emits light while the OLED light-emitting layers with
other colors do not emit light. The clock signals, which are
high voltage-level and high voltage-level signals alternate,
are input through the switch controlling signal line 105, the
switch controlling signal line 104, and the switch controlling
signal line 106 so the low voltage-level signal is input
through the switch controlling signal line 106 and the high
voltage-level signal is input through the switch controlling
signal line 105 when the signal is transmitted to the second
row. At this time, the TFT T2 and the TFT T4 are both turned
on; the TFT T1, the TFT T3, the TFT T5, and the TFT T6
are all turned off. The low voltage-level signal is input
through the unit testing signal line 103, and the high
voltage-level signal is input through the unit testing signal
line 101 and the unit testing signal line 102, which remains
unchanged. The red OLED light-emitting layer on the sec-
ond row of the light-emitting layer in the pixel area emits
light while the OLED light-emitting layers with the rest
colors do not emit light. Since red/green/blue (R/G/B) in the
pixel area are arranged on the first row of R, G, B, and G
arranged periodically and on the second row of B, G, R, and
G arranged periodically, odd-numbered rows arranged in the
first row is repeated and even-numbered rows arranged in
the second row is repeated. Therefore, red light can be
emitted layer by layer in the OLED display panel of the
related art.

[0027] The unit test circuit adopted by OLED display
panel of the related art is designed to include a plurality of
TFTs and six signal lines, which is very sophisticated. As a
result, the screen-to-body ratio of OLED display panel is
greatly reduced.

[0028] As FIG. 2a, FIG. 2b, and FIG. 2c¢ illustrate, the
OLED display panel proposed by the present disclosure
includes a data signal line 201 and a scanning signal line
202.

[0029] The pixel 203 is arranged between the data signal
line 201 and the scanning signal line 202.

[0030] A pixel array 2030 includes a first pixel column
2031, a second pixel column 2032, a third pixel column
2033, and a fourth pixel column 2034 distributed in a matrix
in a first direction D1. Combinations of the first pixel
column 2031, the second pixel column 2032, the third pixel
column 2033, and the fourth pixel column 2034 are arranged
periodically in the first direction D1.
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[0031] The inputting unit circuit includes a first inputting
signal line 204, a second inputting signal line 205, and a
third inputting signal line 206. The first inputting signal line
204 is connected to the first pixel column 2031. The second
inputting signal line 205 is connected to the third pixel
column 2033. The third inputting signal line 206 is con-
nected to the second pixel column 2032 and the fourth pixel
column 2034.

[0032] The controlling unit circuit includes a first TFT T1,
a second TFT T2, a third TFT T3, and a first controlling
signal line 207. A first controlling signal line 207 is con-
nected to a first controlling terminal of the first TFT T1, a
second controlling terminal of the second TFT T2, and a
third controlling terminal of the third TFT T3. A first
inputting signal line 204, a second inputting signal line 205,
and a third inputting signal line 206 are connected to a first
inputting terminal of the first TFT T1, a second inputting
terminal of the second TFT T2, and a third inputting terminal
of a third TFT T3, respectively.

[0033] An outputting unit circuit includes a first outputting
signal line 208, a second outputting signal line 209, and a
third outputting signal line 210. The first outputting signal
line 208, the second outputting signal line 209, and the third
outputting signal line 210 are connected to a first outputting
terminal of the first TFT T1, a second outputting terminal of
the second TFT T2, a third outputting terminal of the TFT
T3, respectively.

[0034] The first outputting signal line 208 is connected to
the first pixel column 2031. The second outputting signal
line 209 is connected to the third pixel column 2033. The
third outputting signal line 210 is connected to the second
pixel column 2032 and the fourth pixel column 2034.
[0035] In another embodiment, a first pixel column 2031
and a third pixel column 2033 both include a red subpixel
and a blue subpixel. The red subpixel and the blue subpixel
are arranged alternately. The red subpixel in the first pixel
column 2031 and the red subpixel in the third pixel column
2033 are arranged staggeredly. The blue subpixel in the first
pixel column 2031 and the blue subpixel in the third pixel
column 2033 are arranged staggeredly. A second pixel
column 2032 and a fourth pixel column 2034 include a green
subpixel only.

[0036] Inanother embodiment, when a red image is shown
on an organic light-emitting diode (OLED) display panel, a
first clock signal is input to a first pixel column 2031 through
a first outputting signal line 208. A second clock signal is
input to a third pixel column 2033 through a second out-
putting signal line 209. The first clock signal and the second
clock signal are inverted. The high voltage level of the first
clock signal and the high voltage level of the second clock
signal both are greater than the supply voltage imposed on
the OLED display panel.

[0037] Inanother embodiment, when a red image is shown
on an organic light-emitting diode (OLED) display panel, a
third controlling terminal of a third thin-film transistor
(TFT) T3 is turned off.

[0038] In another embodiment, when a blue image is
shown on an organic light-emitting diode (OLED) display
panel, a third clock signal is input to a first pixel column
2031 through a first outputting signal line 208. A fourth
clock signal is input to a third pixel column 2033 through a
second outputting signal line 209. The third clock signal and
the fourth clock signal are inverted. The high voltage level
of the third clock signal and the high voltage level of the
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fourth clock signal both are greater than the supply voltage
imposed on the OLED display panel.

[0039] Inanother embodiment, a third controlling terminal
of a third thin-film transistor (TFT) is turned on when a
green image is shown on an organic light-emitting diode
(OLED) display panel.

[0040] The operating principle of the OLED display panel
is detailed by using a full red image as an example.
[0041] When the scanning signal starts to scan a subpixel
circuit on the first row, a signal is input to a light-emitting
layer on a first row, which is a red pixel circuit, through the
first inputting signal line 204. A signal is input to a light-
emitting layer on the first row, which is a blue pixel circuit,
through the second inputting signal line 205. A signal is
input to a light-emitting layer on the first row, which is a
green pixel circuit, through the third inputting signal line
206. When the light-emitting layer emits the red light, a low
voltage-level data signal is input to the first inputting signal
line 204, and a high voltage-level data signal is input to a
second inputting signal line 205 and a third inputting signal
line 206. Moreover, the high voltage-level signal is greater
than the operating voltage of a pixel driving circuit, so the
blue subpixel circuit which the second inputting signal line
205 is connected to and the green subpixel circuit which the
third inputting signal line 206 is connected to is connected
are not turned on. Because the signal is input to the light-
emitting layer on the first row, which 1s a red pixel circuit,
through the first inputting signal line 204, the light-emitting
layer on the first row in the pixel area as a red OLED
light-emitting layer emits light while the other OLED light-
emitting layers which emit colors except red do not emit
light.

[0042] The red subpixel, the green subpixel, the blue
subpixel in the pixel 203 are arranged as the first row of the
red subpixel, the green subpixel, and the blue subpixel,
which are arranged periodically. The second row of the blue
subpixel, the green subpixel, and the red subpixel are
arranged periodically. Odd-numbered rows are arranged like
the first row. Even-numbered rows are arranged like the
second row. A signal input to the subpixels is a clock signal
at a high voltage level and a low voltage level alternating.
[0043] When the scanning signal starts to scan the second
row of subpixel circuit, a signal is input to a light-emitting
layer on a second row, which is a blue pixel circuit, through
the first inputting signal line 204. A signal is input to a
light-emitting layer on a second row, which is a red pixel
circuit, through the second inputting signal line 205. A signal
is input to a light-emitting layer on a second row, which is
a green pixel circuit, through the third inputting signal line
206. A high voltage-level data signal is input through the
first inputting signal line 204. The high voltage-level signal
is greater than the operating voltage of the pixel driving
circuit. So the blue subpixel circuit, which is in the light-
emitting layer on the second row in the display area of the
OLED display panel and the first inputting signal line 204 is
connected to is not turned on. A low voltage-level data signal
is input through the second inputting signal line 205. The red
subpixel circuit, which is in the light-emitting layer on the
second row in the display area of the OLED display panel
and the second inputting signal line 205 is connected to is
turned on. A high voltage-level data signal is input through
the third inputting signal line 206. The high voltage-level
signal is greater than the operating voltage of the pixel
driving circuit. The green subpixel circuit, which is in the



US 2020/0203460 A1

light-emitting layer on the second row in the display area of
the OLED display panel and the third inputting signal line
206 is connected to is not turned on. Therefore, a red OLED
light-emitting layer on the second row of the light-emitting
layer in the pixel area emits light while the OLED light-
emitting layers with the colors except red do not emit light.
[0044] A repetitive scanning signal on an add row starts to
scan the subpixel circuit on the first row. A repetitive
scanning signal starts to scan the subpixel circuit on the
second row. The layers of the OLED display panel emits the
red light one by one successfully. Compared with the display
effect of a general OLED display panel detected with a unit
test, the display effect of the OLED display panel proposed
by the present disclosure shows almost no difference.
[0045] As FIG. 3 illustrates, the digital signal 301 and the
digital signal 302 are mutually inverted and input through
the unit test inputting signal line as FIG. 25 illustrates. The
data signal 301 and data signal 302 are input to the red and
blue light-emitting layers on the first row, respectively.
When a red image is shown on the OLED display panel, an
alternating clock signal is input to the OLED display panel.
The high voltage level of the input data signal must be
greater than the operating voltage imposed on the pixel
driving circuit, which ensures that the OLED light-emitting
layer on the pixels does not emit light when the high
voltage-level data signal is input. In this way, only a red
image is shown on the OLED display panel.
[0046] The present disclosure provides a unit test to detect
image display with the blue light only. Only the OLED
light-emitting layers which emit blue light only emit light.
Compared with the display effect of the blue image shown
on the OLED display panel of the related art, the display
effect of the blue image shown on the OLED display panel
proposed by the present disclosure shows almost no differ-
ence.
[0047] As FIG. 4 illustrates, when the pixel driving circuit
proposed by the present disclosure detects a colorful image,
the data signals 401, 402, and 403 are input to the red, blue,
and green OLED light-emitting layers on the first row in the
display area, respectively, through the unit test inputting
signal line. Compared with the display effect of the colorful
images shown on the OLED display panel of the related art,
the display effect of the colorful images shown on the OLED
display panel proposed by the present disclosure shows
almost no difference.
[0048] The present disclosure brings a benefit as described
below: The present disclosure provides an OLED display
panel. A set of six unit testing signal lines are reduced to a
set of four, and thus can be configured to detect an image
formed by a red subpixel, a green subpixel, a blue subpixel
and shown on the OLED display panel, further increasing
the screen-to-body ratio of the OLED display panel.
[0049] The present disclosure is described in detail in
accordance with the above contents with the specific pre-
ferred examples. However, this present disclosure is not
limited to the specific examples. For the ordinary technical
personnel of the technical field of the present disclosure, on
the premise of keeping the conception of the present dis-
closure, the technical personnel can also make simple deduc-
tions or replacements, and all of which should be considered
to belong to the protection scope of the present disclosure.

What is claimed is:

1. An organic light-emitting diode (OLED) display
device, comprising:
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a data signal line;

a scanning signal line;

a pixel array, comprising a first pixel column, a second
pixel column, a third pixel column, and a fourth pixel
column distributed in a matrix in a first direction; the
first pixel columu, the second pixel column, the third
pixel column, and the fourth pixel column being
arranged periodically in the first direction;

an inputting unit circuit, comprising a first inputting
signal line, a second inputting signal line, and a third
inputting signal line;

a controlling unit circuit, comprising a first thin-film
transistor (TFT), a second TFT, a third TFT, and a first
controlling signal line; the first controlling signal line
being connected to a first controlling terminal of the
first TFT, a second controlling terminal of the second
TFT, and a third controlling terminal of the third TFT;
the first inputting signal line, the second inputting
signal line, and the third inputting signal line being
connected to a first inputting terminal of the first TFT,
a second inputting terminal of the second TFT, and a
third inputting terminal of the third TFT, respectively;

an outputting unit circuit, comprising a first outputting
signal line, a second outputting signal line, and a third
outputting signal line; the first outputting signal line,
the second outputting signal line, and the third output-
ting signal line being connected to a first outputting
terminal of the first TFT, a second outputting terminal
of the second TFT, a third outputting terminal of the
TFT, respectively;

wherein the first outputting signal line is connected to the
first pixel column; the second outputting signal line is
connected to the third pixel column; the third output-
ting signal line is connected to the second pixel column
and the fourth pixel column.

2. The OLED display device of claim 1, wherein the first
pixel column and the third pixel column both comprises a
red subpixel and a blue subpixel; the red subpixels and the
blue subpixels are arranged alternately;

the red subpixel in the first pixel column and the red

subpixel in the third pixel column are arranged stag-
geredly; the blue subpixel in the first pixel column and
the blue subpixel in the third pixel column are arranged
staggeredly;

the second pixel column and the fourth pixel column

comprise a green subpixel only.

3. The OLED display device of claim 2, wherein the first
clock signal is input to the first pixel column through the first
outputting signal line when a red image is shown the OLED
display panel,

the second clock signal is input to a third pixel column

through the second outputting signal line when the red
image is shown the OLED display panel.

4. The OLED display device of claim 3, wherein a high
voltage level of the first clock signal and a high voltage level
of the second clock signal are outputted alternately.

5. The OLED display device of claim 3, wherein a high
voltage level of the first clock signal is greater than a supply
voltage imposed on the OLED display panel;

a high voltage level of the second clock signal is greater

than the supply voltage imposed on the OLED display
panel.
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6. The OLED display device of claim 2, wherein the third
controlling terminal of the third TFT is turned off when a red
image is shown on the OLED display panel.

7. The OLED display device of claim 2, wherein a third
clock signal is input to the first pixel column through the first
outputting signal line when a blue image is shown on the
OLED display panel;

a fourth clock signal is input to the third pixel column
through the second outputting signal line when the blue
image is shown on the OLED display panel.

8. The OLED display device of claim 7, wherein a high
voltage level of the third clock signal and a high voltage
level of the fourth clock signal are outputted alternately.

9. The OLED display device of claim 7, wherein a high
voltage level of the third clock signal is greater than a supply
voltage imposed on the OLED display panel;

a high voltage level of the fourth clock signal is greater
than the supply voltage imposed on the OLED display
panel.

10. The OLED display device of claim 2, wherein the

third controlling terminal of the third TFT is turned on when
a green image is shown on the OLED display panel.
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